The objective of the study was to determine values of apoptosis for peripheral blood lymphocytes and granulocytes, including dependency on the season of the year, in Polish mixed-breed rabbits and in mixed-breed rabbits with the addition of blood of meat-breed rabbits. The study was carried out in four seasons of the year (spring, summer, autumn, winter) involving 120 Polish mixed-breed rabbits -group I, and 120 Polish mixed-breed rabbits with addition of meat-breed rabbit blood -group II. Assessment of apoptosis of lymphocytes and granulocytes was performed using as FACScan cytometer by Becton Dickinson with FACSDiva software (USA), using as ApoFluor ® Green Caspase reagent kit (MP Biomedicals, USA) to detect the activity of the total caspase pool 1, 3, 4, 5, 6, 7, 8, 9 in granulocytes and lymphocytes of rabbit peripheral blood. The results for apoptosis of lymphocytes and granulocytes in peripheral blood in the animals investigated (group I and II) were subjected to statistical analysis with the t'Student test at p=0.05. It was noted that, in rabbits from group I, the values for apoptosis of lymphocytes were the highest in winter and autumn (36.02% and 31.24%, respectively), and the lowest in spring and summer (26.73% and 22.72%, respectively), whereas in the case of granulocytes the highest values were in summer and spring (14.69% and 12.95%, respectively), and the lowest in winter and autumn (8.16% and 8.57%, respectively). In mixed-breed rabbits with the addition of meat-breed blood (group II), the values for apoptosis of lympocytes were the highest in spring (29.13%), and the lowest in summer (25.43%); whereas in the case of granulocytes the highest values were in summer and spring (14.0% and 11.15%, respectively), and the lowest in autumn and winter (7.46% and 7.64%, respectively).
Introduction
Among important properties of macro-organisms, there is the periodic nature of many of their life-cycles related, among others, to rhythms resulting from the seasons of the year, monthly and daily rhythms, as well as rhythms resulting from times of the day (Pyza and Nowak 1999 , Bell-Pedersen at al. 2005 , Takahashi et al. 2008 , Casanova-Acebes at al. 2013 , Gamble et al. 2014 ). According to Bell-Pedersen (Bell-Pedersen 2000) , all levels of cellular processes in the macro-organism, including biochemical and behavioural, occur at shorter or longer intervals. Periodicity involves changes to such fundamental physiological processes in humans and vertebrates, as the metabolism, manifesting as a change in the body internal temperature (Bell-Pedersen at al. 2005) , or hormone level (Gamble et al. 2014) , as well as changes to biochemical factors (Deptuła and Dorynek 1993 , Bell-Pedersen 2000 , Zapata and al. 2003 , Cetin et al. 2009 ), haematological factors (Jacobson et al. 1978 , Deptuła et al. 1992 , Deptuła and Dorynek 1993 , Zapata et al. 2003 , Nowaczyk et al. 2005 , Cetin and al. 2009 , Dopico et al. 2015 , Husakova et al. 2015 and immunological factors (Deptuła et al. 1992 , Nowaczyk et al. 2005 , Dopico et al. 2015 , including immune system cells (Deptuła et al. 1992 , Nowczyk et al. 2005 , Casanova-Acebes 2013 , De Jong et al. 2014 , Dopico et al. 2015 , the number of which is conditioned by programmed death -apoptosis.
Apoptosis refers to many cells of the macro--organism, and occurs both in physiological and pathological conditions, and it is now assumed to be an important element of immunity of mammals (Niedźwiedzka-Rystwej and Deptuła 2012 , Niedźwiedzka--Rystwej and Deptuła 2012a , Niedźwiedzka-Rystwej et al. 2013 , Niedźwiedzka-Rystwej et al. 2013a . Its role in immunology is related to, among others, immune system cells, which, after performing their function, are thus eliminated as damaged or changed cells (Baś et al. 2004 , Elmore 2007 , Niedźwiedzka--Rystwej and Deptuła 2012 , Niedźwiedzka-Rystwej et al. 2013 , Niedźwiedzka-Rystwej et al. 2013a . The facts place apoptosis of immune system cells at the focus of interest among immunologists, including diagnostics specialists. It has been shown that apoptosis of peripheral blood lymphocytes and granulocytes is a good prognostic factor used to assess immunity of the macro-organism (Weinmann et al. 2003 , Stark et al. 2005 , including in viral infections in humans with such viruses as EBV, HBV, HCV, HCMV, HPV and HSV (Solary et al. 1996 , O'Brien 1998 , Fadeel et al. 1999 , as well as in rabbits infected with RHDV (Alonso et al. 1998 , Niedźwiedzka and Deptuła 2012 , Niedźwiedzka and Deptuła 2012a , Hukowska--Szematowicz 2013 , Niedźwiedzka at al. 2013 , Niedźwiedzka et al. 2013a .
Despite rabbits being laboratory animals generally used in experimental and diagnostic studies, the literature lacks studies on physiological values for apoptosis of peripheral blood lymphocytes and granulocytes in such animals, including the assessment of this phenomenon depending on the periodicity of the seasons. This study was undertaken since rabbits are bred for meat and fur, and hence are economically important in Poland.
It has been shown, that in rabbits the season affects the quantity (Jacobson et al. 1978 , Nowaczyk at al. 2005 , Cetin at al. 2009 ) and activity (Nowaczyk et al. 2005 of lymphocytes and granulocytes, and the quantity of monocytes (Jacobson et al. 1978 , Nowczyk et al. 2005 , Cetin et al. 2009 ) in peripheral blood, and thus these cells are subject to apoptosis. Such an interdependency was also observed in farm animals (cattle), where the impact of the season was recorded in respect of immune system cells (Deptuła et al. 1992, Deptuła and Dorynek 1993) and their activity (Deptuła et al. 1992, Deptuła and Dorynek 1993) in phagocytosis, and in the quantity of serum immunoglobulins and total protein; a slight seasonal impact was also reported in respect of the quantity of lymphocytes, granulocytes and monocytes in biungulates from the camelid family, including alpaca (Husakova at al. 2015) and guanaco (Zapata et al. 2003) and, in the case of the latter, also in respect of total protein volume (Zapata et al. 2003) .
Analysis of such dependencies in the case of Polish mixed-breed rabbits, has indicated that periodicity related to the seasons affects the quantities of lymphocytes, neutrophil granulocytes, and acidophil granulocytes, as well as monocytes in peripheral blood, and the neutrophil phagocytosis process (Nowczyk et al. 2005) . The correlation in such animals was reported in the form of higher values of lymphocyte and neutrophil granulocyte quantities in spring, as compared to summer and autumn (Nowczyk et al. 2005) ; and in the case of acidophil granulocytes in spring, as compared to summer and winter, summer compared to autumn, and autumn compared to winter (Nowaczyk et al. 2005) . In respect of monocytes in such rabbits, higher values were observed in spring as compared to summer, and in summer as compared to autumn. Analogical observations in Angora rabbits (Cetin at al. 2009 ) referred just to the quantity of monocytes, since higher values in such cells were only obtained in winter, as compared to summer. In "cottontail" type rabbits (Jacobson et al. 1978) , the impact of the seasons on the quantity of peripheral blood elements was high, since higher values of neutrophil granulocytes were observed in such animals in summer as compared to autumn, and in winter and spring as compared to summer. In the case of acidophil granulocytes in such animals, higher values were observed in summer, as compared to autumn and winter (Jacobson et al. 1978) .
Analysis of the impact of the seasons, however, on the activity of peripheral blood leucocytes in rabbits, indicates that the season affects one of the phases of phagocytosis -adherence capacity: higher values of this parameter were recorded in such animals in spring, as compared to summer and winter, and in summer, as compared to winter (Nowczyk et al. 2005) : Analogical correlation was observed in such animals in the quantity of serum immunoglobulins (Ig) defined in ZST units (Nowczyk et al. 2005) : they were higher in spring and summer, as compared to winter. The results were also confirmed in other studies , where higher values of serum Ig were found in summer, as compared to winter. The impact of the season of the year was also recorded in such animals in respect of concentration of serum immunoglobulins G (Hukowska--Szematowicz et al. 2015) in summer, as compared to winter, and in spring compared to summer.
In biungulate mammals from the camelid family guanaco (Zapata et al. 2003) , however, an increase in total protein volume was observed in winter, as compared to other seasons of the year. In the case of the quantity of immune system cells -lymphocytes, granulocytes and monocytes (Zapata et al. 2003 ) -the same study indicated that the season only slightly affects the quantity of such cells, and the impact was not statistically significant. Very similar results to the results obtained for guanaco (Zapata et al. 2003) in respect of the quantity of lymphocytes, granulocytes and monocytes were obtained for mammals from the camelid family -alpaca (Husakova et al. 2015) , where a slight impact of the season was also observed in respect of the quantity of such cells.
The image obtained of the impact of the seasons on the quantity of lymphocytes, granulocytes and monocytes, and immunological activity of peripheral blood granulocytes and lymphocytes in rabbits (Jacobson et al. 1978 , Nowczyk et al. 2005 , Cetin et al. 2009 , farm animals (Deptuła et al. 1992, Deptuła and Dorynek 1993) and biungulate mammals from the camelid family (Zapata et al. 2003 , Husakova et al. 2015 , was also confirmed in humans, where impact of the season has found on the quantity of lymphocytes, monocytes, platelets, and erythrocytes (Dopico et al. 2015) , and on genes conditioning synthesis of IL-6 and acute-phase proteins (CRP) (Dopico et al. 2015) . Such observations were confirmed by De Jong et al. (2014) in humans; their study showed that the seasons also affect gene expression, conditioning the quantity of granulocytes, lymphocytes, and monocytes in peripheral blood. According to Bell-Pedersen (2000) , the periodicity clock in mammals, including humans, is omnipresent, since it affects to many processes and operates on all levels of biochemical processes in cells and tissues, while in humans it additionally affects, among others, endocrinological functions, including sleep cycles, and conditions the course of mental diseases and drug tolerance. According to Casanova-Acebes et al. (2013) , the phenomenon of periodicity also includes the process of haematopoiesis, in particular granulocyte cells, as well as (Gamble et al. 2014 ) the release of such hormones as melatonin, growth hormones, adiponectin, and insulin.
Aim of the study
Since there is a correlation in humans and animals, including rabbits, between the quantity of immune system cells in peripheral blood and their immunological activity on the one hand, and periodicity related to the seasons on the other, the aim of this study was to determine values of apoptosis for peripheral blood lymphocytes and granulocytes, including dependence on the season of the year, in Polish mixed-breed rabbits and in mixed-breed rabbits with an addition of blood of meat-breed rabbits.
Materials and Methods
The study was carried out in four seasons of the year (spring, summer, autumn, winter) and involved 240 Polish mixed-breed rabbits, including 120 Polish mixed-breed rabbits -group I, and 120 Polish mixed-breed rabbits with addition of meat-breed rabbit blood -group II, weighing 3.2-4.2 kg, aged 3-6 months, males and females labelled as conventional animals, originating from a licenced farm under complete zoo-technical and veterinary supervision (Anon 1987) . The average age of each group of animals in the four seasons was very similar, and amounted to 4.5-5 months. The ratio of females to males in our study groups, was close to 1: 1; the animal number in each group, numbering 30 animals in each season, was as follows: the first group -spring (13 females and 17 males), the second group-summer (14 females and 16 males), the third group-autumn (17 females and 13 males), the fourth group-winter (14 females and 16 males). During the study, the rabbits remained at the vivarium of the Department of Microbiology and Department of Immunology at the Faculty of Biology, Percentage of apoptotic granulocytes
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Legend: numbers in parentheses indicate number of rabbits; x -average value; SD ± -standard deviation; statistically significant difference between: 1 -spring and summer, 2 -spring and autumn, 3 -spring and winter, 4 -summer and autumn, 5 -summer and winter, 6 -autumn and winter University of Szczecin, where the conditions of the rooms regarding temperature, humidity and lighting conformed to national standards developed in line with the European Union Directive on temperature and humidity, as well as lighting and size of animal cages (Anon 2010) . After transportation to the Department vivarium, the animals were provided with a two-week adaptation period. In the room, apart from natural lighting, there was also artificial lighting in the form of glow discharge tubes. Exposure time of animals in artificial light was 5h and the intensity was 40 lux. Temperature was optimal at 18-20 o C, and the relative humidity was 55-60%. The animals were kept individually in metal cages designed for such animals, and were fed with full-portion rabbit feed, 0.15-0.20 kg/day, and had unlimited access to water. Blood for the tests was drawn (from four different groups of animals) through a port at 8.00 AM from the auricular marginal vein in four seasons of the year (30 animal per season), in spring (May), summer (June), autumn (October), and winter (January) at 24 h intervals, for three consecutive days, at 0, 24 and 48h from commencement of the study.
The assessment of apoptosis of lymphocytes and granulocytes was performed using a FACScan flow cytometer by Becton Dickinson with FACSDiva software (USA), using an ApoFluor ® Green Caspase the reagent kit (MP Biomedicals, USA) to detect the activity of the total caspase pool 1, 3, 4, 5, 6, 7, 8, 9 in granulocytes and lymphocytes of rabbit peripheral blood. The results are shown as percentage of apoptotic granulocytes and lymphocytes (Table 1 and 2). Heparinised blood was centrifuged for 5 minutes at 400xg, after which 300 μl of the suspension obtained was transferred to eppendorf test tubes and 10 μl of ApoFluor ® Green fluorescent colorant was added, mixed and incubated for 60 minutes at 37 o C in the presence of 5% CO2, mixing every 20 minutes. 2 ml of rinsing buffer was then added to the mixture to remove excess colorant, after which it was centrifuged for 5 minutes at 400xg.
After the extraction of supernatant, the centrifugation procedure was repeated, after which 400 μl of rinsing buffer and 2 μl of propidium iodide (PI) was added to the suspension of cells stained with ApoFluor The results of the study are presented as average values and standard deviation in Tables 1 and 2 for each season, and were subjected to statistical analysis with the t'Student test at p=0.05.
Results
Group I (Table 1 ) apoptosis values, expressed in absolute numbers, vary in particular seasons and, in the case of lymphocytes are the highest in winter and autumn (36.02% and 31.24%, respectively), and the lowest in spring and summer (26.73% and 22.72%, respectively); in the case of apoptotic granulocytes, the highest values were recorded in summer and spring (14.69% and 12.95%, respectively), and the lowest in winter and autumn (8.16% and 8.57%, respectively). Statistical analysis of such results (Table  1) showed that more changes are found in apoptosis values for granulocytes than for lymphocytes. Differences in the granulocyte apoptosis values between summer and autumn, and between summer and winter, as well as between summer and autumn, and between spring and winter were noted; changes to lymphocyte apoptosis values were only recorded between summer and winter, and between spring and winter, as well as summer and autumn. Therefore, it must be assumed that, in the animals studied, the season affects both the values for apoptosis of lymphocytes and granulocytes, although differently for particular seasons, and the changes are more intense in the case of values for granulocyte apoptosis than lymphocyte apoptosis.
Values for apoptosis of lymphocytes in Polish mixed-breed rabbits with addition of meat-breed rabbits (group II), expressed in absolute values (Table 2) , vary in the four seasons, and in the case of lymphocytes were the highest in spring and winter (29.13% and 28.86%, respectively), and the lowest in summer and autumn (25.43% and 26.04%, respectively); while in the case of apoptotic granulocytes, the highest values were recorded in summer and spring (14.20% and 11.15%, respectively), and the lowest in autumn and winter (7.46% and 7.64%, respectively). In contrast to mixed-breed rabbits (group I) (Table 1) , statistical analysis of such values in group II animals (Table 2) showed that statistically significant differences were only recorded for apoptosis values in granulocytes and, as compared to the changes in rabbits from group II, were less intensive, as they referred to the values between summer on the one hand and autumn and winter on the other, and between spring and autumn, and between spring and winter. Therefore, in group II rabbits the season has a less intense impact, and only affects granulocyte apoptosis values.
Irrespective of the type of mixed-breed rabbits, apoptosis values were higher for lymphocytes than for granulocytes. The season appears to affect, although differently, apoptosis values for lymphocytes and granulocytes in rabbits from group I and II, since in rabbits from group I, as compared to group II, apoptosis values for lymphocytes and granulocytes are less different, while in group I rabbits more statistically significant changes to the apoptosis values of granulocytes were recorded than for lymphocytes since in group II animals such changes only referred to granulocytes.
Discussion
The apoptosis values of peripheral blood lymphocytes and granulocytes in investigated rabbits from groups I and II obtained in the present study can be compared to previously obtained results for mixed-breed rabbits (Jacobson et al. 1978 , Nowczyk et al. 2005 , Cetin et al. 2009 , Tokarz-Deptuła et al. 2014a , where the impact of the season on the quantity of peripheral blood lymphocytes and granulocytes was assessed. The present results for apoptosis can also be compared to the seasonal affect on factors of immunological activity of such blood cells (Nowaczyk et al. 2005 .
Assessment of the recorded impact of the seasons on the values for apoptosis of lymphocytes in Polish mixed-breed rabbits (group I) ( Table 1) and Polish mixed-breed rabbits with the addition of meat-breed rabbits (group II) (Table 2) , expressed in absolute values, indicates the highest values were in winter and autumn, and the lowest in summer and spring. In group II, however, the highest values were observed in spring, and the lowest in summer. These results are partly confirmed by studies on the impact of the season on the activity of peripheral blood lymphocytes measured with the synthesis of serum immunoglobulins G (IgG) (Nowczyk et al. 2005 and total volume of Ig expressed in ZST units (Nowaczyk et al. 2005 , Hukowska-Szematowicz Values of apoptosis of lymphocytes... , where the highest values were recorded in spring and in summer. The impact of the season on the apoptosis values of granulocytes in both groups, where the highest values were reported in summer and spring, and the lowest in autumn and winter, is also confirmed by the results obtained by Nowaczyk et al. (2005) , which showed that the activity of peripheral blood granulocytes measured using adherence capacity depended on the season, since higher values of this factor were recorded in spring, as compared to summer and winter, and in summer as compared to winter. The impact of the season on lymphocytes and granulocytes, investigated through apoptosis and expressed with the quantity of such cells, is also confirmed by the results related to the impact of the season on the volume of lymphocytes, neutrophil, acidophil, and basophil granulocytes, and monocytes in peripheral blood (Jacobson et al. 1978 , Nowaczyk et al. 2005 , Cetin et al. 2009 , Tokarz-Deptuła et al. 2014a , because their volume in peripheral blood is conditioned by apoptosis. The impact of the season on immunological activity, determined with the apoptosis of lymphocytes and granulocytes of rabbit blood is evidenced by studies in humans (Dopico et al. 2015) , which showed the impact of the seasons on the expression of genes conditioning the synthesis of IL-6 and CRP, since greater synthesis of such substances was found in the autumn and winter period as compared to the spring and summer period; this study is convincing, as to the impact of the seasons on immunity since it indicates that periodicity related to the seasons affects the macro-organisms at the genes level. Such observations were also confirmed by Bell-Pedersen (2000) , whose study showed that the periodicity clock in organisms is frequent and operates at all levels of physiological processes in cells and tissues, while recently it has been proven that it is also associated with haematopoiesis (Casanova-Acebes 2013).
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Conclusion
The values for apoptosis of peripheral blood lymphocytes and granulocytes in mixed-breed rabbits from groups I and II are higher for lymphocytes than for granulocytes, and depend (although differently) on the season of the year. In rabbits from group I, as compared to rabbits from group II, the season of the year more intensively affects the values for apoptosis of lymphocytes and granulocytes, and, in animals from group I, it was recorded that statistical differences in the apoptosis values refer to both lymphocytes and granulocytes, while in rabbits from group II they refer only to the values for granulocytes.
It was shown that, in rabbits from group I, the values for apoptosis of lymphocytes were the highest in winter and autumn (36.02% and 31.24%, respectively), and the lowest in spring and summer (26.73% and 22,72%, respectively), whereas in the case of granulocytes the highest values were in summer and spring (14.69% and 12.95%, respectively), and the lowest in winter and autumn (8.16% and 8.57%, respectively). In mixed-breed rabbits with the addition of meat-breed blood (group II), the values for apoptosis of lymphocytes were the highest in spring (29.13%), and the lowest in summer (25.43%); whereas in the case of granulocytes the highest values were in summer and spring (14.0% and 11.15%, respectively), and the lowest in autumn and winter (7.46% and 7.64%, respectively).
